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Effect  Of  High  Temperatures  On  Fecundity  And  Fertility 
Of  Six  Lepidopterous  Pests  Of  Cotton  In  Arizona 

By  R.  E.  Eye  and  H,  K.  Poole,  Entomology  Research  Division, 

Agricultural  Research  Service^ 


SUMMARY 


A study  was  undertaken  to  determine  what 
effect  various  periods  of  high  temperatures 
would  have  on  the  fecundity  and  fertility  of  six 
lepidopterous  pests  of  cotton  in  Arizona.  These 
Lepidoptera  included  the  bollworm  (Heliothis 
zea  (Boddie)),  the  tobacco  budworm  {H.  vire- 
scens  (F.)),  the  beet  armyworm  (Spodoptera 
exigua  (Hiibner) ),  the  cabbage  looper  {Tricho- 
plusia  ni  (Hiibner)),  the  salt-marsh  caterpillar 
(Estigmene  acrea  (Drury)),  and  the  pink  boll- 
worm  {Pectinophora  gossypiella  (Saunders)). 

Daily  exposures  at  35°  C.  of  larvae,  pupae, 
and  adults  for  2,  4,  and  8 hours  decreased  the 
development  period  as  the  exposure  was  in- 
creased. The  fecundity,  fertility,  and  longevity 


were  not  affected.  Exposures  at  this  temperature 
for  16  hours  reduced  fecundity,  fertility,  and 
longevity. 

Daily  exposures  at  40°  C.  of  larvae,  pupae,  and 
adults  for  2 and  4 hours  did  not  affect  their  de- 
velopment, fecundity,  and  fertility.  Exposures  at 
this  temperature  for  8 hours  increased  the  devel- 
opment period  and  reduced  fecundity  and  fer- 
tility. When  larvae  and  pupae  were  exposed  to 
40°  for  16  hours,  development  was  poor  and 
fecundity  and  fertility  were  drastically  reduced. 
When  adults  were  exposed  to  this  temperature 
for  this  period,  fecundity,  fertility,  and  lon- 
gevity were  generally  reduced. 


INTRODUCTION 


During  extended  periods  of  hot  weather  in 
Arizona  many  cotton  insect  pests  fail  to  develop 
populations  large  enough  to  be  injurious  to  cot- 
ton. However,  late  in  the  season  cotton  plants 
shade  most  of  the  soil  surface  and  become  large 
enough  to  modify  the  temperature  within  the 
canopy  where  injurious  populations  may  de- 
velop. 

The  effects  of  high  temperatures  on  the  devel- 
opment and  mortality  of  the  boll  weevil  (Antho- 
nomus  grandis  Boheman)  were  reported  by 
Fye  et  al.^  R.  E.  Fye  and  W.  C.  McAda  (unpub- 
lished) noted  that  high  temperatures  affected 
the  development  of  six  species  of  Lepidoptera 
injurious  to  cotton  in  Arizona  and  indicated  that 


the  high  temperatures  in  programed  regimes 
had  a deleterious  effect  on  the  fecundity  of  sev- 
eral species. 

A study  was  undertaken  to  determine  what 
effect  various  periods  of  high  temperatures 
would  have  on  the  fecundity  and  fertility  of  six 
lepidopterous  pests  of  cotton  in  Arizona.  These 
included  the  bollworm  {Heliothis  zea  (Boddie) ) , 
the  tobacco  budworm  (H.  virescens  (F.)),  the 
beet  armyworm  {Spodoptera  exigua  (Hiibner)), 
the  cabbage  looper  {Trichoplusia  ni  (Hiibner)), 
the  salt-marsh  caterpillar  {Estigmene  acrea 
(Drury) ),  and  the  pink  bollworm  {Pectinopho- 
ra gossypiella  (Saunders)). 


METHODS  AND  MATERIALS 


Newly  hatched  larvae,  from  which  the  moths 
were  reared,  were  drawn  from  cultures  of  the 


1 The  authors  gratefully  acknowledge  the  assistance 
of  John  F.  Edwards,  biology  research  technician,  Bee 
Research  Laboratory,  Agricultural  Research  Service,  in 
the  dissections  and  microscopic  studies. 

2 Fye,  R.  E.,  Patana,  R.,  and  McAda,  W.  C.  develop- 
mental PERIODS  FOR  BOLL  WEEVILS  REARED  AT  SEVERAL 
CONSTANT  AND  FLUCTUATING  TEMPERATURES.  Jour.  Econ. 
Ent.  62:  1402-1405.  1969. 


Cotton  Insects  Biological  Control  Laboratory, 
Agricultural  Research  Service,  Tucson,  Ariz. 
For  several  generations  wild  stock  has  not  been 
introduced  into  the  cultures.  Newly  hatched  lar- 
vae of  the  larger  species  were  reared  in  1-ounce 
cups  of  lima  bean  medium^  and  the  smaller  spe- 

3 ShOREY,  H.  H.  a simple  artificial  rearing  MEDIUM 
FOR  THE  CABBAGE  LOOPER.  Jour.  Econ.  Ent.  56:  536-537. 
1963. 
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cies  in  j%-ounce  cups.  The  developing  larvae 
were  transferred  at  3-  to  4-day  intervals  to 
fresh  medium. 

In  one  series  the  developing  larvae  and  pupae 
were  subjected  to  35°  and  40°  C.  for  2,  4,  8,  and 
16  hours  daily.  When  the  insects  were  not  under 
exposure,  they  were  maintained  at  25°.  A check 
group  was  kept  continuously  at  25°.  Exposures 
were  continued  throughout  the  larval  and  pupal 
periods,  and  on  emergence  females  were  held  at 
25°  without  further  exposure  to  the  higher  tem- 
peratures. 

In  the  series  in  which  the  adults  were  exposed, 
the  larvae  were  reared  at  a constant  25°  C. 
When  the  moths  emerged,  eight  replicates  were 
exposed  to  35°  and  40°  for  2,  4,  8,  and  16  hours 
daily  until  approximately  90  percent  of  the  eggs 
had  been  laid. 

The  ovipositing  moths  were  exposed  in  quart 
ice  cream  containers,  4%  inches  in  diameter, 
lined  with  plastic  bags  and  covered  with  sec- 
tions of  paper  toweling  in  a manner  similar  to 
that  described  by  Patana.^  The  moths  were 
fed  5-percent  honey  solution  from  1-dram  vials 
inserted  through  a hole  in  the  toweling  covers. 
Strips  of  paper  toweling  were  placed  in  the  con- 
tainers to  provide  a surface  for  oviposition.  The 


eggs  laid  by  moths  in  each  replicate  were 
counted  at  2-day  intervals.  Two  pairs  of  moths 
of  each  species  were  placed  in  each  ovipositional 
cage  except  the  pink  bollworm.  One  pair  of  pink 
bollworms  was  held  in  8-ounce  waxed  paper 
cups  with  screen  lids.  Small  squares  of  paper 
mesh  toweling  served  as  the  oviposition  site.  The 
mesh  toweling  was  placed  on  the  upper  surface 
of  the  screen  and  weighted  down  with  a large 
metal  washer.  The  female  pink  bollworm  moths 
readily  oviposited  through  the  screen  onto  the 
toweling. 

All  ovipositing  moths  were  held  at  a relative 
humidity  of  40  to  60  percent.  Photoperiods  of 
12  hours  of  fluorescent  light  and  12  hours  of 
darkness  were  employed. 

The  hatch  of  eggs  was  determined  by  with- 
drawing a sample  from  each  group  of  eggs  and 
holding  them  at  40-percent  relative  humidity 
and  25°  C.  At  the  end  of  5 days  the  percent 
hatch  was  determined  by  counting  the  hatched 
and  unhatched  eggs. 

Moths  of  several  of  the  species  were  reared 
and  held  in  a manner  similar  to  that  previously 
described.  The  females  were  dissected  and  the 
spermathecas  examined  microscopically  for  the 
presence  of  spermatozoa. 


RESULTS 


Bollworm 

The  larval-pupal  development  period  of  the 
bollworm  was  shortest  when  it  was  reared  with 
a daily  exposure  at  35°  C.  for  16  hours  (table 
1),  with  some  reduction  at  8 hours.  At  40°,  2- 
and  4-hour  daily  exposures  had  little  effect  on 
the  development  period  of  the  bollworm.  How- 
ever, when  the  exposure  was  increased  to  8 
hours,  the  development  was  prolonged.  At  16 
hours'  exposure  the  bollworm  moths  failed  to 
emerge. 

The  percentage  of  larvae  pupating  was  not 
affected  until  the  exposure  was  increased  to  16 
hours  at  40°  C.  However,  with  8-  and  16-hour 
exposures  at  this  temperature  the  percentage  of 
misshapen  pupae  was  high  and  the  adults  failed 
to  emerge  from  the  misshapen  pupae.  When  lar- 
vae and  pupae  were  exposed  to  35°,  emergence 
was  not  affected.  At  40°,  emergence  decreased 
at  2-  and  4-hour  exposures,  with  little  emergence 
at  8 hours  and  none  at  16  hours. 

Some  oviposition  occurred  in  all  replicates  of 
moths  reared  from  larvae  and  pupae  exposed  to 
the  various  daily  periods  at  35°  and  40°  C.  Fe- 
cundity of  the  females  was  not  affected  for  2 to 
16  hours'  exposure  at  35°  or  for  2 to  4 hours  at 


^ Patana,  R.  rearing  cotton  insects  in  the  lab- 
oratory. U.S.  Dept.  Agr.  Prod.  Res.  Rpt.  108,  6 pp. 
19G9. 


40°.  However,  the  fecundity  of  the  emerging 
females  was  drastically  reduced  when  exposed 
for  8 hours  daily  to  40°.  Viability  of  the  eggs 
laid  by  females  reared  from  larvae  exposed  for 
16  hours  daily  to  35°  was  reduced  to  some  ex- 
tent. Eggs  laid  by  the  females  exposed  for  4 and 
8 hours  daily  to  40°  failed  to  hatch. 

Longevity  of  moths  from  larvae  at  the  several 
exposure  periods  at  35°  or  40°  C.  was  not  affect- 
ed, except  moths  from  larvae  reared  at  8 hours' 
daily  exposure  at  40°  were  significantly  shorter 
lived. 

Fecundity  of  the  moths  reared  at  a constant 
25°  C.  and  then  exposed  to  the  several  periods 
at  35°  was  not  affected,  except  fecundity  and 
fertility  were  drastically  reduced  in  moths  from 
larvae  reared  at  16  hours'  daily  exposure.  Some 
infertility  would  be  expected  because  some  eggs 
would  have  been  exposed  for  from  less  than  1 to 
32  hours  during  the  2-day  ovipositional  periods. 
The  various  exposures  at  35°  had  no  apparent 
effect  on  the  longevity  of  the  moths. 

A 2-hour  daily  exposure  to  40°  C.  did  not  ad- 
versely affect  the  fecundity  and  the  fertility  of 
the  moths.  The  4-hour  daily  exposure  to  this 
temperature  had  an  insignificant  effect  on  the 
fertility  of  the  eggs  laid  by  these  moths.  Fecun- 
dity was  significantly  reduced  in  moths  exposed 
to  8 hours  daily  and  drastically  reduced  by  a 
16-hour  exposure.  None  of  the  eggs  hatched 
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from  moths  exposed  to  8 and  16  hours.  Though 
unpublished  data  of  R.  E.  Fye  and  D.  E.  Surber 
indicated  that  from  60-  to  100-percent  infertil- 
ity could  be  expected,  there  probably  was  some 
sterilization  of  the  females  before  oviposition. 

Dissection  of  from  two  to  live  females  reared, 
mated,  and  exposed  under  similar  conditions  re- 
vealed spermatozoa  in  all  the  females  from 
groups  corresponding  to  those  that  laid  fertile 
eggs  in  the  experimental  groups.  No  large  sper- 
matozoa were  present  in  the  dissected  females 
from  groups  corresponding  to  those  in  which 
infertile  eggs  were  laid.  The  data  suggest  that 
production  of  male  spermatozoa  as  well  as  fe- 
cundity of  the  female  may  be  affected  by  the 
extended  exposure  to  35°  and  40°  C.  The  data 
concur  with  the  results  of  Jackson  et  al.,^ 
who  treated  H,  zea  pupae  for  1.5  hours  at  41° 
and  found  that  spermatophore  transfer  occurred 
between  treated  males  and  treated  and  untreated 
females,  but  eggs  from  the  matings  did  not 
hatch. 

Tobacco  Budworm 

The  results  of  the  studies  with  the  tobacco 
budworm  are  given  in  table  1.  The  larval-pupal 
development  period  of  the  tobacco  budworm 
decreased  as  the  daily  exposure  of  the  larvae 
and  pupae  was  increased  from  2 to  16  hours  at 
35°  C.  However,  at  40°  with  the  2-,  4-,  and 
8-hour  daily  exposures  the  development  was 
similar  to  that  of  the  control  insects;  at  16  hours 
the  moths  did  not  emerge. 

Most  of  the  larvae  exposed  daily  to  35°  and 
40°  C.  for  2,  4,  and  8 hours  pupated  normally, 
but  pupation  was  drastically  reduced  when  they 
were  exposed  for  16  hours  to  40°.  In  the  shorter 
exposures  few  of  the  pupae  were  misshapen; 
however,  a marked  increase  in  misshapen  pupae 
occurred  at  8 hours’  exposure  to  40°  and  56 
percent  of  the  pupae  from  insects  exposed  to  16 
hours  were  misshapen.  Emergence  of  the  moths 
from  the  pupae  was  normal  in  the  groups  ex- 
posed to  35°  and  in  the  2-  and  4-hour  exposure 
groups  at  40°  daily.  However,  only  about  25 
percent  of  the  moths  emerged  from  larvae  ex- 
posed for  8 hours  daily.  Most  of  the  females 
oviposited. 

There  was  no  apparent  effect  on  the  fecundity 
and  fertility  of  the  females  exposed  for  2,  4,  8, 
and  16  hours  daily  to  35°  C.  in  the  larval-pupal 
stages.  The  fecundity  of  moths  emerging  from 
the  larvae  and  pupae  exposed  to  40°  for  2 hours 
daily  was  not  affected,  though  fertility  was  sig- 
nificantly reduced.  Fecundity  of  moths  from 
larval-pupal  exposure  to  40°  for  4 and  8 hours 
was  reduced  and  they  laid  no  fertile  eggs.  Lon- 

® Jackson,  R.  D.,  Daugherty,  D.  M.,  and  Davidson, 

J.  L.  EFFECT  OF  HEAT  ON  HELIOTHIS  ZEA  PUPAE.  Amer. 
Ent.  Soc.  No.  Cent.  Br.  Proc.  23 : 36.  1968. 


gevity  of  the  moths  was  unaffected  by  the  var- 
ious daily  exposures  of  larvae  and  pupae  to 
35°  and  40°. 

Dissections  of  similarly  reared  moths  5 days 
after  emergence  indicated  a pattern  of  the  pres- 
ence of  live  spermatozoa  in  the  spermathecas 
comparable  with  the  pattern  of  fertile  eggs  laid 
by  the  females  emerging  from  the  larvae  and 
pupae  held  at  the  several  exposures. 

Fecundity,  fertility,  and  longevity  of  moths 
from  larvae  reared  at  a constant  25°  C.  exposed 
for  2,  4,  and  8 hours  at  35°  were  not  adversely 
affected.  Daily  exposure  of  the  moths  for  16 
hours  at  35°  reduced  the  fecundity  25  percent 
and  none  of  the  eggs  hatched.  According  to  R. 
E.  Fye  and  D.  E.  Surber  (unpublished),  most 
of  the  eggs  should  have  hatched  under  the  con- 
ditions they  were  held.  The  data  therefore  sug- 
gest that  the  continuing  daily  exposure  for  16 
hours  at  35°  had  some  deleterious  effect  on  fe- 
cundity and  fertility  though  longevity  was  un- 
affected. 

The  fecundity  of  the  moths  exposed  for  2,  4, 
and  8 hours  daily  to  40°  C.  was  unaffected,  al- 
though fertility  decreased  as  the  daily  exposure 
was  increased.  According  to  Fye  and  Surber 
(unpublished),  exposure  of  eggs  should  have 
had  little  effect  on  hatch.  Therefore  the  decline 
in  egg  hatch  as  the  exposure  period  was  in- 
creased may  be  attributed  to  the  effect  of  the 
high  temperatures  on  the  moths.  A similar  ten- 
dency for  a reduced  longevity  is  also  evident. 
When  the  females  were  exposed  to  40°  for  16 
hours  daily,  the  fecundity  dropped  to  25  to  33 
percent  of  that  for  the  moths  in  the  other  ex- 
posures. Along  with  the  reduced  fecundity  was 
a marked  decrease  in  the  egg  hatch  and  reduced 
longevity. 

Dissection  of  a parallel  set  of  moths  indicated 
a pattern  of  live  spermatozoa  in  the  spermathe- 
cas similar  to  the  pattern  of  fertile  eggs  laid  by 
the  study  insects. 

Beet  Armyworm 

Data  for  the  beet  armyworm  are  presented  in 
table  1.  Development  periods  of  the  beet  army- 
worm  exposed  for  the  several  periods  at  35°  C. 
were  reduced  as  the  daily  exposure  was  in- 
creased. The  exposures  had  no  effect  on  pupa- 
tion, occurrence  of  misshapen  pupae,  adult 
emergence,  or  percentage  of  moth  replicates  ovi- 
positing. The  fecundity*  and  fertility  of  moths 
from  larvae  and  pupae  exposed  to  35°  for  2,  4, 
and  8 hours  daily  were  not  affected.  When  the 
larvae  and  pupae  were  exposed  for  16  hours  to 
35°,  fecundity  and  fertility  of  the  moths  were 
decreased;  longevity  was  not  affected. 

Daily  exposures  of  larvae  and  pupae  of  the 
beet  armyworm  to  2,  4,  and  8 hours  at  40°  C.  re- 
duced the  development  period  as  periods  of  ex- 


Table  1.— Effects  of  U exposure  periods  at  2 temperatures  on  development,  fecundity,  fertility,  and  longevity  of  6 lepidopterous 

pests  of  cotton  in  Arizona 

BOLLWORM 
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posure  increased,  but  they  had  little  effect  on 
pupation,  percentage  of  misshapen  pupae,  adult 
emergence,  or  percentage  of  moth  replicates 
ovipositing.  However,  when  the  daily  exposure 
was  increased  to  16  hours,  moth  emergence  was 
reduced  and  the  emerged,  misshapen  moths  did 
not  oviposit.  Actually  the  percentage  of  mis- 
shapen pupae  was  extremely  high,  indicating  an 
extremely  adverse  effect  of  the  prolonged  high 
temperature  on  pupation.  Fecundity  of  the 
moths  emerging  from  the  larvae  exposed  for  2 
and  4 hours  daily  to  40°  was  not  affected.  How- 
ever, when  the  daily  exposure  of  the  larvae  and 
pupae  was  increased  to  8 hours,  the  fecundity 
was  reduced  50  percent  and  the  fertility  of  the 
eggs  was  markedly  decreased.  The  exposure  of 
the  larvae  and  pupae  to  40°  had  no  effect  on  the 
longevity  of  the  adults. 

Exposure  of  adult  moths  reared  at  a constant 
25°  C.  and  then  subjected  to  daily  exposures  of 
2,  4,  and  8 hours  at  35°  did  not  affect  their  fe- 
cundity, fertility,  or  longevity.  However,  when 
the  daily  exposure  of  the  adults  was  increased 
to  16  hours,  fecundity  of  moths  and  egg  hatch 
were  both  reduced  by  67  percent  as  compared 
with  fecundity  and  egg  hatch  of  moths  sub- 
jected to  shorter  exposures.  Exposure  of  the 
larvae  and  pupae  to  35°  did  not  affect  adult 
longevity. 

Daily  exposures  of  the  adults  reared  at  a con- 
stant 25°  C.  for  2 and  4 hours  at  40°  did  not 
affect  fecundity  or  fertility.  However,  when  the 
daily  exposure  was  increased  to  8 hours,  fecun- 
dity was  reduced  slightly  and  the  fertility  33 
percent.  When  the  daily  exposure  was  increased 
to  16  hours,  fecundity  was  reduced  75  percent 
and  egg  hatch  about  96  percent.  Longevity  of 
the  moths  exposed  to  various  periods  at  40° 
daily  was  not  affected. 

Periods  of  high  temperatures  drastically  af- 
fected the  fecundity  and  fertility  of  beet  army- 
worms.  These  results  readily  explain  the  early- 
and  late-season  occurrence  of  the  pest  in  Ari- 
zona cotton. 

Cabbage  Looper 

Data  for  the  cabbage  looper  are  given  in  table 
1.  The  development  period  decreased  as  the  daily 
exposure  of  larvae  increased  from  2 to  16  hours 
at  35°  C.  Pupation  was  unaffected.  However,  a 
small  percentage  of  misshapen  pupae  occurred 
among  the  insects  subjected  to  8 and  16  hours' 
exposure  daily  and  emergence  decreased  slightly. 
Moths  in  all  the  replicates  oviposited,  but  fe- 
cundity of  those  from  larvae  reared  at  a daily 
exposure  of  16  hours  at  35°  was  about  one- 
third  that  of  the  moths  from  larvae  reared  at 
the  other  exposures.  Egg  hatch  of  females  from 
larvae  and  pupae  reared  at  16  hours'  daily  ex- 
posure to  35°  was  about  one-half  that  of  the 


moths  from  larvae  reared  at  the  other  exposures. 
Longevity  was  unaffected  by  increased  hours  of 
daily  exposure  to  35°. 

Development  time  of  larvae  exposed  at  var- 
ious intervals  to  40°  C.  was  increased,  but  the 
percentage  of  insects  pupating  was  slightly  de- 
creased. When  the  daily  exposure  was  increased 
to  16  hours,  none  of  the  insects  developed  to  the 
pupal  stage.  Among  the  insects  reared  at  40° 
for  8 hours'  exposure  daily,  a large  percentage 
of  the  pupae  was  misshapen  and  adult  emer- 
gence was  poor.  Females  in  all  the  replicates 
oviposited,  and  the  daily  exposure  of  the  larvae 
and  pupae  for  2 hours  at  40°  did  not  reduce 
fecundity,  though  fertility  was  slightly  lower 
than  that  of  insects  reared  at  35°.  The  moths 
from  pupae  reared  with  daily  exposures  of  4 
hours  at  40°  had  a fecundity  of  about  one-half 
that  of  the  moths  reared  without  exposure  and 
of  those  exposed  for  2 to  8 hours  at  35°.  Fer- 
tility of  the  eggs  was  about  two-thirds  that  of 
eggs  from  the  control  insects.  When  exposure 
was  increased  to  8 hours  daily,  fecundity  was 
drastically  reduced  and  the  eggs  failed  to  hatch. 
Longevity  of  the  moths  reared  from  larvae  and 
pupae  exposed  for  2 and  4 hours  at  40°  daily 
was  not  aifected,  though  the  longevity  of  the 
male  moths  from  larvae  and  pupae  exposed  for 
8 hours  daily  was  reduced  by  one-third. 

Daily  exposure  of  moths  reared  at  a constant 
25°  C.  to  2-,  4-,  and  8-hour  daily  periods  at  35° 
did  not  affect  their  fecundity  or  fertility.  How- 
ever, when  their  daily  exposure  was  increased 
to  16  hours  at  35°,  fecundity  was  drastically  re- 
duced and  eggs  did  not  hatch.  The  2-  to  16-hour 
daily  exposure  to  35°  did  not  affect  moth 
longevity. 

Daily  exposure  of  the  moths  from  larvae 
reared  at  a constant  25°  C.  to  a 2-hour  period  at 
40°  did  not  affect  the  fecundity  but  reduced  fer- 
tility slightly.  Daily  exposures  of  4 and  8 hours 
markedly  decreased  fecundity  and  the  8-hour  ex- 
posure reduced  fecundity  to  a few  eggs.  Fertility 
of  the  moths  in  the  4-hour  daily  exposure  was 
reduced  about  two-thirds  and  in  the  8-hour  ex- 
posure to  0.  Moths  exposed  to  40°  daily  for  16 
hours  did  not  oviposit.  As  the  exposure  period 
was  increased,  moth  longevity  at  8 and  16  hours 
was  reduced  to  about  6 days. 

The  data  in  table  1 clearly  indicate  why  cab- 
bage looper  damage  to  cotton  in  southern  Ari- 
zona is  restricted  to  late  in  the  season  when  the 
canopy  of  the  cotton  plant  is  cooled  to  below  38° 
C.®  Early  in  the  season  the  temperatures  within 
the  canopy  are  similar  to  the  air  temperature 
and  the  daily  extremes  commonly  exceed  38°. 
Therefore  increased  development  period,  de- 


® Fye,  R.  E.,  and  Bonham,  C.  D.  temperature  in  the 
PLANT  PARTS  OF  LONG  STAPLE  COTTON.  Jour.  Econ.  Ent. 
64:636-637.  1971. 
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creased  fecundity,  decreased  fertility,  and  a re- 
duced egg  hatch  result  in  low  populations  in  the 
early  hot  part,  of  the  cotton-growing  season. 

Salt-Marsh  Caterpillar 

Data  for  the  salt-marsh  caterpillar  are  pre- 
sented in  table  1.  Exposures  of  2 and  4 hours 
daily  at  35°  C.  of  larvae  and  pupae  had  no  effect 
on  the  development  period.  However,  when  the 
exposure  was  increased  to  8 and  16  hours,  the 
development  period  was  reduced  slightly.  Ex- 
posures of  the  larvae  and  pupae  had  no  effect  on 
pupation,  percentage  of  misshapen  pupae,  adult 
emergence,  or  percentage  of  moth  replicates  ovi- 
positing. Exposures  of  the  larvae  and  pupae  to 
2-  and  4-hour  daily  periods  at  35°  had  no  effect 
on  the  fecundity  of  the  moths.  However,  when 
the  periods  were  increased  to  8 and  16  hours, 
the  fecundity  was  reduced  and  no  eggs  hatched. 
The  exposures  had  no  effect  on  moth  longevity. 

Daily  exposure  of  the  larvae  to  40°  C.  for  2 
and  4 hours  increased  the  development  period. 
The  2-hour  exposure  had  no  effect  on  pupation, 
percentage  of  misshapen  pupae,  adult  emer- 
gence, or  percentage  of  moth  replicates  ovipos- 
iting. However,  fecundity  was  markedly  reduced 
compared  with  that  of  the  control  insects  and 
none  of  the  eggs  hatched.  The  4-hour  exposure 
did  not  reduce  pupation,  increased  the  percent- 
age of  misshapen  pupae,  did  not  decrease  adult 
emergence,  and  markedly  decreased  the  per- 
centage of  moth  replicates  ovipositing.  Fecun- 
dity was  markedly  reduced  and  eggs  did  not 
hatch.  The  2-  and  4-hour  daily  exposures  to  40° 
had  no  effect  on  the  longevity  of  moths.  Larvae 
reared  at  8 hours'  daily  exposure  to  40°  failed 
to  pupate  properly,  92  percent  of  the  pupae  were 
misshapen,  and  no  moths  emerged.  When  the 
daily  exposure  was  increased  to  16  hours  at  40°, 
none  of  the  larvae  pupated. 

According  to  unpublished  data  of  R.  E.  Fye 
and  D.  E.  Surber,  no  adverse  effect  should  have 
been  expected  on  eggs  laid  by  moths  held  at  25° 
C.  Therefore  the  daily  exposure  of  the  larvae 
and  pupae  to  8 and  16  hours  at  35°  had  some 
effect  on  egg  hatch.  In  the  case  of  moths  reared 
from  larvae  exposed  to  2 and  4 hours  daily  at 
40°,  no  adverse  effect  on  eggs  would  be  expected 
when  the  moths  were  held  at  20°.  Therefore  we 
may  conclude  that  daily  exposure  of  larvae  and 
pupae  to  40°  had  some  deleterious  effect  on  fer- 
tility of  the  females. 

Exposure  of  moths  from  larvae  reared  at  a 
constant  25°  C.  and  held  for  2 to  16  hours  at  35° 
failed  to  reduce  their  fecundity.  However,  at  16 
hours’  exposure  the  fertility  was  reduced  to  a 
level  lower  than  would  be  expected  according  to 
data  of  Fye  and  Surber  (unpublished) . The  lon- 
gevity of  the  male  moths  exposed  for  16  hours 
daily  to  35°  was  also  reduced. 


Exposure  of  moths  reared  at  a constant  25°  C. 
to  daily  periods  of  2 and  4 hours  at  40°  did  not 
reduce  the  fecundity,  although  the  fertility  was 
drastically  reduced  in  the  4-hour  exposure.  The 
failure  of  eggs  to  hatch  would  be  expected  ac- 
cording to  the  data  of  Fye  and  Surber  (unpub- 
lished), who  showed  that  exposure  of  salt-marsh 
caterpillar  eggs  for  4 hours  to  40°  and  40-per- 
cent relative  humidity  resulted  in  no  hatch.  Ex- 
posure of  the  moths  from  larvae  reared  at  a 
constant  25°  to  8 hours  at  40°  daily  reduced  the 
fecundity  to  a low  level  and  none  of  the  eggs 
hatched.  When  the  exposure  was  increased  to  16 
hours  daily  at  40°,  fewer  moths  oviposited,  fe- 
cundity was  reduced,  and  eggs  did  not  hatch. 
At  8-  and  16-hour  exposures  to  40°,  longevity 
of  the  moths  was  reduced  appreciably. 

Dissection  of  a parallel  set  of  moths  5 days 
after  emergence  and  pairing  of  males  and  fe- 
males showed  motile  spermatozoa  in  the  sper- 
matheca  of  the  females  in  the  same  pattern  as 
that  of  fertile  eggs  laid  by  the  test  females.  The 
one  exception  was  in  moths  reared  from  larvae 
and  pupae  exposed  to  35°  C.  for  8 hours  daily. 
The  dissected  females  had  live  spermatozoa  in 
the  spermatheca,  but  eggs  of  the  study  females 
failed  to  hatch.  This  suggests  that  the  high  tem- 
perature affected  the  fertility  of  the  females  or 
the  fertilizing  capacity  of  the  male  spermatozoa. 

The  data  in  conjunction  with  unpublished  re- 
ports of  Fye  and  Surber  and  Fye  and  McAda 
account  for  the  absence  of  the  salt-marsh  cater- 
pillar in  the  early  part  of  the  cotton-growing 
season  in  Arizona.  The  high  temperatures  early 
in  the  season  prolong  the  development  period 
and  reduce  reproduction. 

Pink  Bollworm 

Data  for  the  pink  bollworm  are  presented  in 
table  1.  The  development  period  of  the  larvae 
and  pupae  decreased  as  the  daily  exposure  to 
35°  C.  was  increased  from  2 to  16  hours.  The 
several  daily  exposures  to  35°  had  no  effect  on 
pupation,  percentage  of  misshapen  pupae,  adult 
emergence,  or  percentage  of  females  ovipositing. 
The  one  exception  was  in  the  16-hour  daily  ex- 
posure when  adult  emergence  and  percentage  of 
females  ovipositing  decreased.  The  fecundity  of 
the  females  reared  from  larvae  exposed  for  2 to 
8 hours  daily  was  highly  variable,  but  percent- 
ages of  hatched  eggS'  were  similar.  When  the 
exposure  period  of  the  larvae  and  pupae  was  in- 
creased to  16  hours,  fecundity  was  reduced  by 
about  67  percent  and  fertility  by  50  percent.  The 
longevity  of  moths  emerging  from  larvae  and 
pupae  exposed  from  2 to  16  hours  daily  was 
similar. 

The  development  period  of  pink  bollworms 
exposed  for  2 to  8 hours  daily  to  40°  C.  in  the 
larval  and  pupal  stages  was  extended  slightly 
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over  that  of  those  reared  at  35°.  A single  female 
from  larvae  and  pupae  exposed  for  16  hours 
daily  required  39  days  for  development.  Daily 
exposures  of  larvae  and  pupae  for  2 and  4 hours 
to  40°  did  not  affect  pupation,  adult  emergence, 
or  percentage  of  moth  replicates  ovipositing. 
Daily  exposures  of  the  larvae  and  pupae  for  8 
hours  to  40°  reduced  pupation,  increased  the 
percentage  of  misshapen  pupae,  and  decreased 
moth  emergence  and  the  percentage  of  moth 
replicates  ovipositing.  When  the  daily  exposure 
was  increased  to  16  hours,  the  percentage  of 
larvae  pupating  was  very  limited,  a large  per- 
centage of  the  pupae  was  misshapen,  and  no 
moths  emerged.  Exposure  of  the  larvae  and 
pupae  for  2 and  4 hours  daily  to  40°  did  not  de- 
crease fecundity  nor  egg  hatch,  though  fecundity 
among  the  moths  emerging  from  larvae  and 
pupae  exposed  for  4 hours  tended  to  decrease. 
The  fecundity  of  moths  emerging  from  larvae 
and  pupae  exposed  for  8 hours  daily  to  40°  was 
markedly  decreased  and  no  eggs  hatched.  Lon- 
gevity of  moths  emerging  from  larvae  and  pupae 
exposed  for  2 and  4 hours  daily  to  40°  was  not 
affected,  but  the  longevity  of  those  exposed  for 
8 hours  daily  was  decreased  slightly. 

Fecundity  of  moths  from  larvae  reared  at  a 


Generally  the  effects  of  the  several  periods  of 
higher  temperatures  were  the  same  for  the  six 
lepidopterous  pests  of  cotton  in  Arizona,  and 
the  patterns  for  development,  fecundity,  and 
fertility  were  similar.  The  data  in  conjunction 
with  unpublished  reports  on  egg  hatch  by  Fye 
and  Surber,  the  development,  fecundity,  and 
longevity  data  by  Fye  and  Me  Ada  (unpub- 
lished), and  the  temperature  modification  with- 
in cotton  presented  by  Fye  and  Bonham  ^ 
partially  explain  the  low  populations  of  these  in- 
jurious insects  in  cotton  early  in  the  season  in 
Arizona.  When  the  temperatures  are  amply 
modified  by  the  increasing  cotton  plant  canopy, 
the  sites  occupied  by  the  various  stages  of  these 
insects  are  cooled  and  development,  fecundity, 
and  fertility  return  closer  to  a ‘‘normal”  level. 
When  this  occurs,  the  exponential  form  of  the 
population  curve  is  regained. 

The  boll  weevil  (Anthonomus  grandis  Bohe- 

See  footnote  6. 


constant  temperature  of  25°  C.  and  then  exposed 
for  2,  4,  and  8 hours  daily  to  35°  was  highly 
variable  but  was  not  affected.  Hatch  of  eggs  was 
not  affected.  However,  when  daily  exposure  of 
moths  was  increased  to  16  hours,  fecundity 
and  fertility  were  drastically  reduced.  The  lon- 
gevity of  the  moths  in  the  2-  to  16-hour  daily 
exposure  was  not  affected. 

A decline  in  the  fecundity  of  the  moths  and 
a marked  decrease  in  egg  hatch  occurred  as  the 
exposure  of  moths  from  larvae  reared  at  25°  C. 
was  increased  from  2 to  8 hours  daily  at  40°. 
Longevity  was  not  affected.  When  pink  boll- 
worm  adults  from  larvae  reared  at  a constant 
temperature  of  25°  were  exposed  daily  for  16 
hours  to  40°,  none  of  the  moths  oviposited  and 
longevity  was  abbreviated. 

Thus  the  effects  of  high  temperatures  on  the 
pink  bollworm  are  similar  to  the  data  presented 
for  the  other  species,  and  the  explosive  nature 
of  the  pink  bollworm  populations  in  southern 
Arizona  late  in  the  season  may  be  explained  as 
a bioclimatic  release.  At  the  release  the  major 
suppression  factor,  temperature,  is  modified  by 
shading  in  the  plant  canopy,  and  rapid  develop- 
ment, improved  fecundity,  and  larger  egg  hatch 
result  in  increased  populations. 


man)  is  bioclimatically  controlled  early  in  the 
season  but  is  released  by  the  temperature  modi- 
fication due  to  shading  within  the  plant  canopy 
and  on  the  soil  surface  late  in  the  season  accord- 
ing to  Fye  and  Bonham  (unpublished).  This 
insect  reflects  the  same  reaction  to  high  tem- 
peratures as  the  six  major  cotton  pests  described 
in  this  report. 

The  data  also  suggest  that  short  daily  periods 
at  40°  C.  may  partially  sterilize  the  moths  al- 
though they  retain  activity  potential  and  lon- 
gevity. In  fact  all  the  adults  reared  from  larvae 
and  pupae  held  for  4 or  more  hours  at  40°  were 
extremely  active  and  highly  agitated.  The  reac- 
tions of  the  insects  to  the  extended  daily  periods 
of  40°  during  rearing  suggest  that  partial  steri- 
lization by  the  elevated-temperature  programs, 
followed  by  a low  dose  of  irradiation  to  complete 
the  sterilization,  may  be  a practical  method  for 
retaining  the  aggressiveness  and  longevity  of 
the  moths  destined  for  sterile-male  introduction. 
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